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Introduction – Developmental and Reproductive Toxicity (DART)

A Short History of DART testing

Thalidomide (softenon in NL)

• Late 1950’s on the market as drug against morning sickness

• Caused impaired limb growth in human embryo’s (Phocomelia)

• Increased awareness of possible effects of drugs and chemicals 

on embryonic development

Thalidomide tragedy led to safety guidance for DART testing:

→1970s first guidelines for reproductive toxicity testing for medicines (FDA)

→in 1980s for chemicals (OECD)

→Global Harmonized DART Guideline for Pharmaceuticals in 1995 (ICH S5)
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Current DART guidance for Pharmaceuticals: ICH S5(R3)
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Default DART testing under ICHS5(R3)
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Effects of pharmaceuticals on reproductive cycle

Fertility and Early Embryonic Development (FEED)

Toxicity study

→ 2-4 weeks before conception – implantation



Default DART testing under ICHS5(R3)
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Effects of pharmaceuticals on reproductive cycle

Embryo-fetal Developmental (EFD) Toxicity study

→ Implantation – closure of hard palate

→ Default 2 species (rodent and non-rodent)



Default DART testing under ICHS5(R3)
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Effects of pharmaceuticals on reproductive cycle

Pre-post Natal Developmental (PPND) Toxicity study

→ closure of hard palate - weaning

→ Optional start at implantation

→ Optional up to F1 generation



New Approach Methods (NAMs) 
for EFD toxicity testing (history)
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Classic models

Whole Embryo Culture (WEC) (1970s) 

Embryonic Stem Cell Test (EST) (1990s)

Zebrafish Embryo Toxicity Test (ZET) (2000s) 

Aart Verhoef, RIVM                             Sanne Hermsen, RIVM

• Investigate effects on development during window of 

implantation – closure hard palate

• Endpoints based on morphology

• Validation effort by ECVAM WEC/cardiac EST (2004-2009)



NAMs and innovation; Fast moving field!
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De Leeuw, 2020

Imaging

PCR / OMICS

Konagaya, 2015

Robotics

Aldert Piersma, RIVM

AOPs

Organ on Chip

Machine Learning / 
Artificial Intelligence

Tiered approach
Testing Batteries

Green, 2018
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NAMs under ICH S5 (1995-2020); Changing regulation is very slow … … …
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NAMs under ICHS5(R3) (2020-present)

2010 Start of preparatory process at ICH level

2015 Official start of Revision procedure

2019 Step 4 approval by ICH

2020 Step 5 regional implementation

First ICH guidance to include information on 

use and qualfication of NAMs as alternative for

EFD testing

Because science develops quickly, 

and regulation does NOT… →

All information on NAMs and qualification in

ANNEX → ICHS5(R4) maintenance procedure

- Possibility for 2 yearly changes to Annex



When to USE NAMs under ICHS5(R3)

• To support Phase I + II clinical trials (=saving animals by

attrition)

- Qualified alternative assays (predict MEFL* outcome in first 

species) + pEFD in a second species

- Rodent and non-rodent should be covered, 

- Enable the limited inclusion of WOCBP (up to 150 WOCBP 

for up to 3 months). 

• Known MoA (class effects, known effect on developmental 

pathways) (ICHS5(R3)scheme figure 1 Annex 2, p39)

• No clinically relevant exposure possible in animals

• Support for WoE assessment when equivocal results in 

animal studies

• Indication for severely debilitating or life-threatening 

diseases or late-life onset diseases

ICHS5(R3) figure 2 Annex 2, p39

*MEFL = malformations and embryo-fetal lethality



How to QUALIFY NAMs under ICHS5(R3) (1/2)

Under ICHS5(R3), NAMs approaches should:

• provide a level of confidence for human safety assurance at least equivalent to that provided by the 

current testing paradigms. 

• be qualified within a certain context of use, defined by

• the chemical applicability domain of the assay, and 

• characterization of the biological mechanisms covered by the assay.
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How to QUALIFY NAMs under ICHS5(R3) (2/2)

Qualification Criteria (ICHS5(R3), p36-37):

• Description and justification of predictive model

• Which species does it predict Malformations and Embryo-fetal lethality (MEFL) for?

• Evaluation of biological plausibility of the model, 

• Mechanism of embryonic development in the model + adverse effects

• Limitations of the models

• Developmental window of prediction (in vivo)

• Determination of endpoints, and when negative or positive 

• Statistical evidence to predict MEFL in a species (accuracy, prediction, sensitivity, specificity etc.)

• Historical data  of the test system

• Reference compounds 

• list of training sets / test sets, source of data

• Description of chemical domain predicted
13



Reference compound list for NAMs under ICHS5(R3)

29 example Reference Compounds are listed in Annex II

and published by Andrews et al, 2019.

14



15 Voettekst is aan te passen via Invoegen, Koptekst en voettekst



Regulatory state of ICHS5(R3)
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Figures kindly provided by Ronald Wange, FDA

Zebrafish Embryonic Stem CellsWhole Embryo Culture

Since implementation of ICHS5(R3)

• No qualification exercises started at EMA

• One interested party at FDA, but not

pursued further

Companies do generate data in house

(60% of responders to IQ survey, not published)

Sometimes shared through submissions

Companies are uncertain about qualification: what is expected, consequences

Regulators need to get more experienced with NAMs for regulatory purposes

IMPASSE…



Breaking the Impasse and get Qualification moving at EMA

EMA wants to kickstart the Qualification of NAMs

3RsWorking Party restarted in 2022

• Updating and new guidance on qualification

• Support for qualification applications

• European Specialised Expert Community (ESEC) for NAMs

• Creation of a worldwide cluster of regulators for global alignment

Innovative Task Force (ITF)

• Informal talks with EMA experts and ESEC members

• Discuss proof of concept and possibilities for qualification

• Free of charge

Formal talks with EMA before qualification (3RsWP / SAWP advice)

Formal Qualification (SAWP qualification advice) 

→ EMA certificate that NAMs can be used under a certain context of use.



Future of NAMs in DART testing

• Find common ground with industry to start qualifications→

• Increase in Qualification applications→

• Increased regulatory experience →

• More scenarios in which NAMs can be used under ICHS5(R3) Annex II

• Obtain more human relevant mechanistic data

• Decreased use of test animals

• Increased relevance for Labeling for Pregnant women, Lactation and Fertility
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